Isotopic separation is inevitable in white dwarf stars if our understanding of diffusion is correct. This can have many important, and largely unexplored, astrophysical consequences. Asteroseismology gives an opportunity to investigate this possibility. We first examine the relevant timescales for diffusion in these objects, and compare them to the evolutionary timescales in the context of the DBV white dwarfs. We then explore the consequences which 3 He separation has on the pulsational spectra of DBV models. Since GD 358 is the best-studied member of this class of variables, we pay particular attention to the way this could affect previous fits.
ASTROPHYSICAL CONTEXT
The two greatest successes of white dwarf asteroseismology are the objects GD358 and PG1159 (Winget etal. 1991; Winget etal. 1994) . The temporal spectra of both objects show well-defined multiplet structures as well as many consecutive radial orders of the same £. This allows us immediately to estimate the rotational frequency, f2, and the mean period spacing, (AP)i, with the latter quantity putting strong constraints on the mass of the best-fitting model. Furthermore, the variations from equidistant period spacing, i.e., "mode trapping", give us information (at least in the case of GD 358) about the radial structure of the star, such as the thickness of its surface He layer.
In a detailed analysis, found evidence of a chemical transition zone located at a mass depth of 1.5 x 10 _6 M*, which they interpreted as the C/He boundary. While their fit explained the trapping features in the neighborhood of 700 s reasonably well, it did not do as well for periods near 500 s. They even mentioned that there might be some indications of another transition zone at a depth of ~ 10 -2 M+. We note that a He layer thickness of ~ is thinner than expected on naive evolutionary grounds, as well as thinner than suggested by the conclusions of Clemens (1993) .
The determination of the thickness of the surface He layer in white dwarfs is one of the most important asteroseismological "observables," since Wood (1992) has shown that it has a very significant effect on the ages of cool white dwarf stars; the ages change by approximately 1 Gyr for every decade in He-layer mass. This makes it one of the largest uncertainties in the theoretical cooling ages, comparable to that due to crystallization and to phase separation in its effect on Galactic ages determined from the cool white dwarf stars.
These considerations led to the suggestion that isotopic diffusion may significantly alter our conclusions from asteroseismology about the surface layer structures in white dwarf stars (Winget 1998) . Thus, our motivation for considering 3 He diffusion in white dwarfs is twofold. First, it is a process which should be a generic feature of white dwarf cooling, given that the Galactic number ratio of 3 He to 4 He has been measured to be of order 10 -4 in many astrophysical environments (Galli etal. 1995 , Prantzos 1996 , and as such, it is of interest for our asteroseismological analyses. Second, it might allow us to place the mode trapping data for GD358 in a different context: this star could have a C/ 4 He transition zone at ~ 10 -2 M* and a thinner 4 He/ 3 He transition zone at ~ 10~6M*. If this is the case, then the DBV's and the DAV's would again have the same order of magnitude He layer thicknesses. To determine the plausibility of these ideas, we first examine the relevant diffusion timescales, and then the effect which such a layering structure has on our fits of GD 358.
DIFFUSION

Timescales
For the case we wish to consider, namely a layer of 3 He overlying a layer of 4 He, the process of diffusion is of major importance. This is because no other effect that we are aware of could lead to the spatial separation of these two isotopes. We therefore examine the relevant timescales for such diffusive processes, to see if it is plausible for a significant fraction of the 3 He to have separated from 4 He in the elapsed evolutionary times for these objects.
Fortunately for us, Fontaine & Michaud (1979) have already examined the related problem of C diffusion in a background of normal He, i.e., 4 He. In their analysis, they treated C as a trace element. This is an excellent approximation for our case as well, since we expect that the 3 He is only about one part in 10 4 of the 4 He. Their Eq. 2 gives the relative diffusion velocity w( 1; 2) of a trace element 2 in a main constituent 1 (assuming gravitational settling only, ignoring thermal diffusion):
where A and Z are the atomic weight and number of the relevant species, and where D12 is the diffusion coefficient given by Chapman & Cowling (1970) . The diffusion times 0(1; 2) are then inversely proportional to this velocity, so 0( 4 He; 3 He) _ w( 4 He;C) _ 8 £>( 4 He; C) 6>( 4 He;C) ~ w( 4 He; 3 He) ~ 3£>( 4 He; 3 He) ~ ' '
Thus, we see that the thermal timescale for 3 He diffusion is actually about 5 times shorter than that for C diffusion. Using Figure 2 from Fontaine & Michaud (1979) , we therefore estimate that for models with M* ~ 0.6 M© and T eS ~ 25 000 K, the 3 He concentration will have reached near equilibrium values down to depths of 10 -2 M*. Thus, if the 4 He layer is thinner than ~ 10 -2 , we would expect the entire 4 He/ 3 He transition zone to have reached equilibrium. If the initial number density of 3 He is about 10~4 that of 4 He, then diffusive processes operating in a 4 He layer of thickness 10 -2 M* could produce a 3 He layer of thickness 10 -6 M*.
Profiles
In this preliminary look, we will mainly consider 4 He/ 3 He zones with equilibrium profiles, although the profiles could in fact be less sharp than this. The treatment of the chemical profiles in the transition zones in our present and previous work is based on the work of Arcoragi &; Fontaine (1980) . Essentially, we use Eq. (A6) of Arcoragi & Fontaine, which assumes that an equilibrium distribution has been reached and that one of the elements may be treated as a trace element. We define four coefficients, a\.. .«4, which in an equilibrium distribution are given by
where the subscript 2 denotes the trace element and 1 denotes the most abundant element, and A and Z are the atomic mass and number of the two constituents, respectively. In the usual DA case, we define cui to be the value at the outermost part of the H/He transition zone, so He is the trace element, and we find cti = 5. At the bottom of the H/He transition zone, H is the trace element, so we find «2 = -5/4. At the top and bottom of the He/C transition zone, we find <23 = 2 and «4 = -2/3, respectively.
In the present case, however, we wish to replace the H/He transition zone with a 3 He/ 4 He transition zone. The coefficients now have the values ai = 1 and a 2 = -3/4, with a 3 and «4 being of course unchanged.
EQUATION OF STATE
To include the effects of a 3 He layer we have made a relatively simple modification to the envelope routines in our evolutionary code. Since we are interested in modeling a DB, we are free to use the array space normally reserved for the H profile and use it for the 3 He profile. To this end, we have replaced the H equation of state (EOS) and opacities with those appropriate for 3 He. In doing this, we have taken the 3 He EOS and opacities to be equal to those of 4 He at 3/4 the density (to correct for the isotopic mass ratio). This approximation should be more than sufficient for our purposes.
In Fig. 1 , we compare the region of period formation for three different cases, where we have vertically offset the different lines so that we may better see the three curves. In the first case (solid line), The latter case is equivalent to there being no transition zone at the 10 -6 mass point.
we assume the outer layer is H with Mh/M* = 1.5 • 10 -6 , and the lower layer is 4 He with M^/M* = 1.5 • 10 -2 . In the second case (dotted line), we take the outer layer to have the same mass (and transition zone profile) but to be composed of 3 He. In the third case (dashed line), the outer layer is taken to also be 4 He. In this last case, since both layers are 4 He, there should be no transition structure at the 10~6 mass point, which is what we find. We see that the 4 He/H transition zone makes a larger contribution since there is a greater density contrast between 4 He and H than between 4 He and 3 He.
PREVIOUS BEST FITS
We now wish to examine the effect a 3 He layer could have on the pulsation frequencies in a model. First, in the top panel of Fig. 2, we show one of the best-fit models for the star GD 358 from . , which is for M^ne = 0.0. The lower panels show the mode trapping structure for nonzero values of M$He, as indicated in each panel.
has M*/M0 = 0.61, Teff = 24 044 K, and M4He/M* = 1.5-lO" 6 . The lower 3 panels show the effect a thin layer of 3 He has on the mode trapping structure. If the layer is as thick as Msiie/M+ = 1.5 • 10 -10 , corresponding to iV( 3 He)/./V( 4 He) = 10 -4 , then we see that the mode trapping structure in the vicinity of 700 s is significantly altered. Unfortunately, this is the region in which the fit was already quite good, whereas in the region around 500 s, where the fit was poor, there is very little change. At the very least, however, this analysis shows that the inclusion of a 3 He layer can have a measurable effect on the calculated mode trapping structure. as shown in each panel. We see that the model with M^He/M* = 1.5 • 10 -6 reproduces the mode trapping features the best, although still not perfectly.
One of the main physical effects of a 3 He layer is to add another bump to the Brunt-Vaisala frequency. Since the mean period spacing is inversely proportional to the mean value of the Brunt-Vaisala frequency, this decreases the period spacing. To maintain a match with the observed period spacing, it is therefore necessary to simultaneously lower the mass of the models. For instance, in going from a model with M4He/M* = 1.5 • 10~6 and M3ne/M± = 0.0 to one with M4He/M* = 1.5-10~2 and M3He/M* = 1.5-10~6, we find it necessary to decrease the total mass from M*./M©=0.61 down to 0.57. Fig. 3 shows the results of decreasing the total stellar mass to 0.57MQ and increasing the 4 He layer mass to 1.5 • 10 -2 MQ, for the models shown in Figure 2 . We see that the model in the third panel . 4 . The same as Fig. 3 , but with a sharper 4 He/ 3 He transition zone. We presently know of no processes which could produce a sharper transition zone. which has M^ne/M^ = 1.5 -10 -6 does a fairly good job of reproducing the period spacings, although it is not as good at reproducing the trapping feature at 700 s. In an effort to deepen this trapping feature, we have made the 4 He/ 3 He transition zone artificially steeper in Figure 4 . This does deepen the trapping of the 700 s mode, but at the expense of the fit in other regions. We mention as an aside that we know of no processes which can produce a 4 He/ 3 He profile steeper than that given by diffusive equilibrium.
DISCUSSION
From this preliminary analysis, we have learned the following:
• Diffusion theory applied to white dwarfs predicts that any 3 He initially present in the DBVs (down to a depth of ~ 10 -2 M*) should have diffused upward to produce a surface layer of 3 He.
• A thin 3 He layer (of order 10~4 the mass of the 4 He layer) can significantly affect the asteroseismological fits.
• An additional layer of 3 He offers the possibility of a better fit to the observed mode trapping structure in GD 358, in both the 700 s and 500 s regions.
In order to determine whether quantitatively better fits are possible using a 3 He layer, it will be necessary to use an objective fitting procedure which adequately samples the parameter space. Such an approach to fitting, using the "genetic algorithm" technique, is currently being developed at the University of Texas.
